The synthesis of some novel alkyl/aryl substituted tertiary alcohols was accomplished in two steps. The synthetic route involves preparation of Grignard reagents by treating alkyl/aryl bromides with magnesium turnings in dry ether. Then substituted chalcones were reacted with the Grignard reagents to afford alkyl/aryl substituted tertiary alcohols 1-10. The structures of the synthesized compounds were assigned on the basis of FT-IR, 1 H-NMR, 13 C-NMR and mass spectroscopic data. The in vivo anti-inflammatory activity of the synthesized compounds was evaluated using the carrageenan-induced hind paw edema method and was compared with that of ibuprofen. Some of the newly synthesized compounds showed promising anti-inflammatory activity. The tertiary alcohols 1-10 were also screened for antibacterial activity against ten bacterial strains using seven Gram-positive and three Gram-negative bacteria and for antifungal activity against Aspergillus Flavus, Aspergillus Niger and Aspergillus pterus. Tertiary alcohols 1-10 were found to exhibit good to excellent antimicrobial activities compared to levofloxacin and fluconazole used as standard drugs.
Introduction
The emergence of multiple-drug resistance organisms, such as methicillin-resistant Staphylococcus aureus and vancomycin resistant Enterococci, has created a major concern in the medical field and an urgent need for new antibacterial agents [1] .
It is known that hydroxyl groups, amino groups and aromatic rings are general and particularly important functionalities in biologically active compounds [2] . With this in mind, we expected that tertiary alcohols with aromatic rings attached to a quaternary carbon atom should display biological activities, since these important functionalities should facilitate the interactions with the relevant receptor molecules [3] . Along these lines the potent broad-spectrum antifungal activities of two new enantiopure tertiary alcohols having fluoro-substituted aromatic rings has been reported [4] .
A new class of compounds with a shielded tertiary alcohol in the transition state mimicking scaffold, showed high enzyme inhibition activities and excellent permeation through a Caco-2 cell membrane [5] . Some tertiary alcohol derivatives are good HIV-1 protease inhibitors [6] , and active in the mouse writhing and rat tail-flick analgesic assay [7] . Tertiary alcohol derivatives exhibit thromboxane A 2 and prostaglandin H 2 receptor inhibition and are used for the treatment of a number of disorders such as coronary vasospasm, asthma and peptic ulcers [8, 9] . Tertiary butyl alcohol can also be applied in the preparation of a hydrophobic drug-hydroxypropyl B-cyclodextrin complex of ketoprofen and nitrendipine, increasing the solubility of the drugs in both simulated gastric juice and in simulated intestinal fluid, which improves the absorption and pharmacodynamic properties of drugs [10] .
Diarylquinolines, belonging to the quinoline class of compounds, possess a central heterocyclic quinolinic nucleus and side chains with tertiary alcohol and tertiary amine groups which are responsible for their antimycobacterial action [11] . β-Amino alcohols are a large class of compounds with a wide range of bioactivities, such as antiplasmodial [12] , antileishmanial [13] and antiproliferative [14] .
The proven efficiency of these compounds prompted us to synthesize some novel alkyl/aryl substituted tertiary alcohol derivatives. Tertiary alcohols can be synthesized by a number of synthetic routes, using (ƞ 6 -fluoroarene)Cr(CO) 3 complexes as a substrate [15] , by oxidizing tertiary aldehydes with oxygen at elevated temperatures [16] , while enantiomerically pure tertiary alcohols are synthesized in reactions catalyzed by enzymes [17] or by using the inexpensive asymmetric organic catalyst L-proline [18, 19] . In this study the tertiary alcohols were synthesized using the Grignard reaction, which is a typical method for tertiary alcohol preparation [20] . The anti-inflammatory, antibacterial and antifungal activities of the newly synthesized compounds are also discussed in this paper.
Results and Discussion
We undertook these studies in order to prepare a novel series of tertiary alcohols to evaluate their anti-inflammatory and antimicrobial activities. The synthetic sequence leading to the alkyl/aryl substituted tertiary alcohols is outlined in Scheme 1. The alkyl/aryl bromides were treated with magnesium turnings in dry ether to afford the corresponding Grignard reagents. The chalcone derivatives were prepared in a single step by the Claisen-Schmidt condensation of 3-hydroxy-acetophenone with suitably substituted benzaldehydes; the synthesis and characterization data has been reported earlier [21] . The tertiary alcohols 1-10 were synthesized by the nucleophilic addition of freshly prepared Grignard reagents to the carbonyl carbon of the suitably substituted chalcones [22] . The physical constants of the synthesized tertiary alcohols 1-10 are presented in the Experimental section. for (CH=CH), respectively. The characteristic one proton singlets at ca  3.65 for (alcoholic O-H), two doublets at  7.43 for (=CH-Ar) and 7.81 ppm for (-CO-CH=), and peaks at ca 76 for respective carbons attached to alcoholic hydroxyl were also observed in the 
Antiinflammatory Activity
The newly synthesized compounds were evaluated for their in vivo antiinflammatory activity using the carrageenan-induced hind paw edema method [23] . Adult Sprague-Dawley rats, weighing 150-200 g, were used. The animals were allowed food and water ad libitum, except during the experiment. They were housed in a room at 23 ± 2 °C with a 12 h light/dark cycle. The animals were randomly allocated into groups of six animals each at the beginning of the experiment and were fasted for 24 h before the experiment with free access to water. All of the compounds and the reference drug were suspended in 0.5% carboxymethyl cellulose (CMC) solution. The standard drug ibuprofen was administered orally at a dose of 20 mg/kg. The tested compounds were administered orally at an equimolar oral dose relative to 20 mg/kg of ibuprofen. The control group received a 0.5% CMC solution. Into the subplantar region of the right hind paw of each rat, 0.1 mL of 1% carrageenan solution in saline was injected subcutaneously, 1 h after the administration of the test compounds and standard drug. The right hind paw volume was measured after 3 h of carrageenan treatment by means of a plethysmometer. The percent edema inhibition was calculated from the mean effect in the control and treated animals according to the following equation:
where v t represents the mean increase in paw volume in rats treated with tested compounds and v c represents the mean increase in paw volume in the control group of rats. The potency was calculated as regards the percentage of the change of the standard and tested compounds, as depicted in the Table 1 . The synthesized compounds showed anti-inflammatory activity ranging from 12.41% to 62.79%, whereas the standard drug ibuprofen showed 72.88% inhibition of edema after three hours. The anti-inflammatory activity results revealed that the activity was dependant on the type and position of the functional group on the homocyclic and heterocyclic rings. Compound 7, which possesses a polar hydroxyl functional group and an electronegative chloro substituent on the phenyl ring showed excellent results. Alcohol 9 possessing the same functionalities, but lacking the phenyl ring exhibited moderate edema inhibition compared to the standard drug.
Antibacterial Activity
In vitro evaluation of antibacterial activity of the tertiary alcohols 1-10 was carried out against seven Gram negative bacterial strains viz. Proteus mirabilis, Escherichia coli, Pseudomonas putida, Pseudomonas aeruginosa, Salmonalla typhi, Shigella flexineri and Klebsiella pneumoniae and against three Gram positive bacterial strains: Bacillus subtilis, Staphylococcus aureus and Micrococcus luteus, by the agar well diffusion method [24] . Assays were conducted using Mueller Hinton Agar (MHA).
Fresh inoculums of these strains were prepared and diluted with sterilized normal saline. The turbidity of these cultures was adjusted to 0.5 Mc-Farland. A uniform bacterial lawn was developed by sterile cotton swabs. 6 mm sized borer was used to make the wells in the inoculated plates. One mg of each sample was dissolved in DMSO (1.0 mL). Levofloxacin was used as positive control in this antimicrobial study. Levofloxacin (1.0 mg/mL), a broad spectrum antibiotic effective against a number of Gram positive and Gram negative bacterial strains, was used as standard. These plates were incubated at 37 °C for 24 h. Antibacterial activity of the tertiary alcohols 1-10 was determined by measuring the diameter of zone of inhibition (mm, ± standard deviation) and presented by subtracting the activity of the control. The tests were repeated three times and the results are reported as means of at least three determinations and the results are summarized in Table 2 . The figures represent the zone of inhibition in millimeters. The antibacterial activity results showed that tertiary alcohols 1-10 have higher antibacterial potential against the tested Gram negative bacterial strains than the Gram positive ones. Compounds 7 and 8 exhibited excellent results against Proteus mirabilis, Pseudomonas putida, Pseudomonas aeruginosa and Shigella flexineri. The position and nature of the substituent is critical for activity. Compound 7 possesses polar hydroxyl, chloro and nitro groups on three phenyl rings while alcohol 8 possess one hydroxyl-substituted and two unsubstituted phenyl rings. In compound 7 the polarity of the hydroxyl group and electronegativity of the halogen play an important role in antibacterial activity while the planarity of the two unsubstituted phenyl rings in alcohol 8 is also significant. All of the remaining alcohols showed moderate activity against selected bacteria.
Antifungal Activity
In vitro antifungal activity of the tertiary alcohols 1-10 was tested against three fungi; Aspergillus flavus, Aspergillus nigar and Aspergillus pterus using the poison plate method [25] . Potato dextrose agar (PDA) plates were prepared by using the pour plate technique for each compound. A 2% concentration of the synthesized compounds in DMSO as a solvent was used. A 2% solution of fluconazole was used as standard. A drug free control was included and plates were observed for growth after 48 h of static incubation at 30 °C and results are presented in Table 3 . Among all the synthetic alcohols 1-10 compounds 1, 6 and 10 are more active than the remaining ones. The excellent results were shown by compound 1, which exhibited higher growth inhibition than the standard drug. It possesses 3-hydroxy-and 4-chloro-substituted phenyl rings along with the presence of an n-butyl alkyl chain. Compounds 6 and 10 also showed good antifungal activity; both of them possess polar hydroxyl-and electronegative halogen-substituted phenyl rings. The electronegativity of the halogens is important as the alcohol 6 with a more electronegative fluorine showed higher antifungal activity against Aspergillus flavus, Aspergillus nigar and Aspergillus pterus than compound 8, which possesses a less electronegative chlorine. The electronegativity of the substituent is directly related to their antifungal activity. The presence of an allyl group is another structural feature which determines antifungal potential. The remaining analogues showed moderate to low antifungal activity.
Experimental
Melting points were recorded using a digital Gallenkamp (SANYO) model MPD.BM 3.5 apparatus and are uncorrected. C-NMR spectra were determined in acetone-d 6 at 300 MHz and 75 MHz, respectively, using a Bruker AM-300 model spectrophotometer. IR spectra were recorded on a Perkin Elmer Spectrum BX spectrophotometer as KBr pellets. Mass spectra (EI, 70eV) on a GC-MS instrument. Bioactivities were determined out at the Riphah Institute of Pharmaceutical Sciences, Riphah International University (Islamabad, Pakistan). All chemicals were purchased from Merck and Aldrich, and were used without further purification. Tertiary Alcohols 1-10 
Synthesis of

General Procedure
An equimolar mixture of magnesium turnings and the appropriate alkyl, alkenyl or substituted aryl bromide was vigorously stirred in the presence of dry ether at 0-5 °C under an inert atmosphere to afford the corresponding Grignard reagent. A solution of freshly prepared Grignard reagent (10 mmol) in dry ether (10 mL) was treated with substituted chalcone (10 mmol) at 0-5 °C under a continuous flow of N 2 for 30 min. The reaction mixture was stirred overnight and the precipitates formed were filtered and recrystallized in ethanol to afford the tertiary alcohols 1-10, whose structures were confirmed by their spectroscopic data. 3-(1-(4-Chlorophenyl)-3-hydroxynon-1-en-3-yl) 
(E)-
(E)-3-(3-(3-Chlorophenyl)-1-hydroxy-1-(4-methyl-3-nitrophenyl)allyl)phenol (2). Prepared from
Conclusions
We have investigated the effect of different substituents on growth inhibition of different bacterial and fungal strains and edema inhibition by some novel aryl/alkyl tertiary alcohols. The antifungal potential of the tertiary alcohols was high than the antibacterial activity. One of the tertiary alcohols showed higher antifungal activity than the standard. This derivative possesses a polar hydroxyl group, a hydrophobic alkyl chain and an electronegative chloro-substituent, which all play important role in antifungal activity.
